Abstract-The design and ultra-wideband performance of a cavitybacked bowtie antenna with the parasitic dipole and parasitic circular ring is presented. Besides the elliptical bowtie dipole and the taper feeding microstrip for obtaining ultra-wideband impedance characteristics, the parasitic dipole and parasitic circular ring to effectively improve the radiation pattern can be used for obtaining the stable broadside unidirectional radiation patterns. An ultra-wideband impedance characteristic of about 118.2% for VSWR ≤ 2 ranging from 2.75-10.7 GHz is achieved. A unidirectional radiation pattern, a stable peak gain of around 7.4-10.8 dBi and low cross polarization over the whole operating band are also produced. A prototype has been fabricated and tested, and the experimental results validate the design procedure.
INTRODUCTION
The need of ultra-wideband (UWB) applications in the near future draws the attention of the scientific community because of its unlimited applications in short-range wireless communication, localization and tracking, medical imaging and monitoring and many more [1] [2] [3] [4] . According to UWB definition of FCC, the UWB has wide spectrum (3.1 GHz-10.6 GHz) [5] . Many UWB antennas have been discussed in the literatures to fulfill this requirement [6] [7] [8] [9] [10] [11] [12] [13] [14] , where short range and extremely wide bandwidth antennas were needed. Indoor wireless networks consisting of numerous indoor antennas have been mounted on the ceiling of many buildings and malls, which stringent requirements on antenna's wide impedance bandwidth, low profile and unidirectional radiation patterns are needed [15, 16] . Actually, low-profile antenna capable of UWB operation, with stable unidirectional radiation patterns is difficult to design. Monopole and microstrip antennas are attractive for present wireless communication systems because they can provide wideband impendence characteristics easily [17, 18] , however, the radiation patterns at higher frequency band are to be distorted. Cavity-backed antenna for unidirectional radiation have recently been demonstrated [19] [20] [21] [22] [23] . This design has the advantage of obtaining unidirectional radiation pattern with high gain, low sidelobe and backlobe. By locating a cavity backed on an open sleeve dipole antenna, stable unidirectional radiation patterns and 10 dBi gain are obtained but with a 55% impedance bandwidth only [21] . In [22, 23] , a cavity-backed folded triangular bowtie antenna and a cavity-backed triangular bowtie dipole antenna have also achieved unidirectional radiation patterns and with an impedance bandwidth of 92.2% and 91.4% for VSWR ≤ 2, respectively. However, the available bandwidth of antennas with cavity-backed structures is often limited by their distorted radiation patterns at higher frequency band.
In this paper, we propose a design of a cavity-backed bowtie antenna with the parasitic dipole and parasitic circular ring. Using the parasitic dipole and parasitic circular ring to effectively improve the radiation patterns, the proposed antenna can achieve a stable broadside unidirectional radiation patterns in the whole operation bands In particular, ultra-wideband impedance characteristic of about 118.2% for VSWR ≤ 2 ranging from 2.75-10.7 GHz is also obtained by the elliptical bowtie dipole and the taper feeding microstrip. With this good ultra-wideband and stable unidirectional radiation pattern performance, it is an excellent candidate for the indoor applications of the recent wireless communication services.
ANTENNA DESIGN
A 3D perspective of the proposed antenna and coordinate system are shown in Figure 1 of 62 mm, and a thickness of 1 mm are supported by the plastic posts. By etching the elliptical bowtie dipole with the major diameter of L 1 and the ratio of 0.75 (AR) on the opposite plane of the lower substrate layer, the wideband impedance characteristic is achieved. The parasitic elliptical bowtie dipole with the major diameter of L 2 , the ratio of 0.75 (AR) is printed in the upper plane of the upper substrate layer, which can be used for improving the radiation patterns for higher bands. Moreover, the two parasitic circular rings with the diameter of D 1 , the width of S printed in the upper planes of the two substrates, respectively, are also successfully employed to improve the radiation pattern for higher bands. The gaps between the two arms of the elliptical bowtie dipole and the parasitic elliptical bowtie dipole are the dimension of g 1 and g 2 , respectively, which can be used for tuning the impedance matching. The feed mechanism is designed into two parts: the taper microstrip line and the coaxial cable. The taper microstrip line printed in the upper plane of the lower substrate layer with the length of L which the impedance varying from 50 Ω to 88 Ω for impedance matching is feed to an arm of the elliptical bowtie dipole directly. The coaxial cable connected to the SMA can be used to feed the antenna which the inner conductor connects to the taper microstrip line and the outer conductor connects to the other arm of the elliptical bowtie dipole The cavity consists of a conical part with the height of H 3 and a cylindrical rim with the diameter of D which determines the antenna aperture. By introducing the cavity, the unidirectional radiation pattern of the antenna is obtained. The final optimal antenna parameters are shown in Table 1 . A prototype of the proposed antenna was fabricated according to these design parameters, as shown in Figure 2 .
RESULTS AND DISCUSSION
The impedance characteristics of the antenna were simulated using the Ansoft High-Frequency Structure Simulator (HFSS.13) simulation software, and the measured results obtained with Agilent E8363B network analyzer and an anechoic chamber. Figure 3 shows the measured and simulated VSWR for the antenna. For VSWR ≤ 2, the measured impedance bandwidths are about 118.2% (2.75-10.7 GHz) which covering the UWB operation bandsand has good agreement with the simulation. Compared with the VSWR without the parasitic dipole and the parasitic circular rings, it is noted that the impedance bandwidth characteristic is not affected mostly; however, a small improvement for lower band is obtained. Figure 4 shows the simulated radiation patterns (RP) in the Eand H-planes at 5, 7 and 9 GHz for the proposed antenna, denoted as Ant 3. With the cavity backed on the antenna, obviously, it can be seen that the unidirectional radiation patterns are obtained in the operation bands. Meanwhile, to examine the effects of the parasitic elliptical bowtie dipole and the two parasitic circular rings to the antenna's radiation patterns, the simulated results of RP for the case without the parasitic elliptical bowtie dipole and the two parasitic circular rings (denoted as Ant 1) and the case without the two parasitic circular rings (Ant 2) were also studied and plotted in Figure 4 (b). The geometries of the two studied antennas are shown in Figure 4 (a), and their corresponding dimensions are the same. Obviously, for the case without the parasitic elliptical bowtie dipole and the two parasitic circular rings, the distortion of the radiation patterns and the lower gain in the upper band (at 7 and 9 GHz) is clearly observed from the figure, which due to the length of the dipole arm is more than 0.7λ at high frequencies and the currents of the higher order modes along the two radiating arms are out of phase that give rise to the change of the radiation patterns and the cancellation of radiation that eventually limits the achievable maximum gain. Furthermore, in order to advance the radiation patterns, by disposing the parasitic elliptical bowtie dipole at the upper plane of the upper substrate layer, the Ant 2 is formed. In this case, improvement for radiation patterns and great increase in boresight gains especially at higher frequencies are obtained. When the two parasitic circular rings are further added to (a) (b) Ant 2, the Ant 3 for the proposed antenna is formed. It can be seen that the radiation patterns become fatter, smoothness and the peak gain is improved in high frequency band. The measured and simulated radiation patterns of the copolarization and the cross-polarization for the proposed antenna in the E-and H-planes at 3, 5, 7 and 9 GHz are also compared and plotted in Figure 5 . For the entire operating bands, it can be observed that the measured results have a maximum cross-polarization level of about −20 dB of the E planes and about −15 dB of the H-planes and the front-back ration is about 20 dB, and have good agreement with the simulations. Figure 6 shows the peak antenna gain for the proposed antenna. Over the whole band, the antenna gain is varied from about 7.4-10.8 dBi. The simulated aperture efficiency is also shown in Figure 6 which varies from 54% to 2% within the operating band. Due to non-uniform magnitude and phase reversal of some part of electric fields in the electrically large aperture, it deteriorates at higher frequencies.
CONCLUSION
The ultra-wideband performance of a cavity-backed bowtie antenna with parasitic dipole and parasitic circular rings is presented and investigated. Using the parasitic dipole and parasitic circular ring to effectively improve the radiation patterns, the proposed antenna can achieve a stable broadside unidirectional radiation patterns. Ultrawideband impedance characteristic of the antenna is obtained by the elliptical bowtie dipole and the taper feeding microstrip which can achieve an operating bandwidth of about 118.2% ranging from 2.75-10.7 GHz (VSWR ≤2). Due to these good performances, the antenna has wide and potential applications for indoor application of the recent wireless communication services.
